Aim To assess the capacity of a body shape index and body roundness index to identify people with diabetes mellitus and those with prediabetes, and to determine whether a body shape index and/or body roundness index is superior to the traditional overall adiposity index, BMI, in Han Chinese people in Northeast China.
Introduction
Diabetes mellitus is a global health issue, contributing tõ 3.3 million deaths annually [1] . The number of people with diabetes worldwide increased by 40 million between 2013 and 2016 [2, 3] . Identifying populations at high risk of developing diabetes is essential for controlling the disease.
Overweight and obesity are well-established risk factors for diabetes [4] . As a simple and non-invasive method, anthropometric indices, such as BMI and waist circumference, have been extensively used to identify populations at high risk of diabetes in recent decades [5, 6] .
The use of BMI has long been accepted as a body size index for adiposity. A meta-analysis showed that the risk of diabetes increases with increasing BMI [7] ; however, BMI fails to distinguish between the accumulation of muscle and fat [8] , leading to muscular individuals being misdiagnosed as overweight or obese. Moreover, BMI cannot provide information about body fat distribution [9] . People with excess abdominal fat are at high risk of developing diabetes, compared with those with evenly distributed body fat [10] . Thus, new indices, including a body shape index (ABSI) and body roundness index (BRI), were developed to characterize body shape [9, 11] .
In 2012, Krakauer and Krakauer [11] developed ABSI using height, waist circumference and BMI [11] . They found, however, that ABSI had little correlation with height, weight and BMI. Their results also showed that ABSI was associated more with mortality hazards than was BMI [11] , which was further confirmed by their subsequent follow-up study [12] ; therefore, they proposed that ABSI could be used to express the excess risk from high waist circumference in a convenient
Correspondence to: Yawen Liu. E-mail: ywliu@jlu.edu.cn form that was complementary to BMI and to other known risk factors [11] . ABSI reflects the degree of central bulge, presumably correlating with abdominal fat deposits. Krakauer and Krakauer [13] and He and Chen [14] found that ABSI could be independently used to screen for potential diabetes.
In 2013, Thomas et al. [9] developed another new anthropometric index, body roundness index (BRI), that combines height and waist circumference. BRI reflects both visceral adipose tissue (VAT) and body fat percentage, which can be used to evaluate health status [9] . BRI has potential for identifying cardiovascular disease (CVD) and its risk factors, but it is not superior to BMI and waist circumference [15] . Compared with ABSI and BMI, BRI is suggested as a superior predictive index of diabetes [16] .
The two adipose depots are VAT and subcutaneous adipose tissue (SAT). Adipocytes from VAT are remarkably different from those from SAT with regard to adipokine production and physiological function profile [17] . The adipocytes from VAT exhibit higher rates of lipolysis and are less responsive to the anti-lipolytic effects of insulin than the adipocytes from SAT [18] . The amounts of VAT and SAT in the body have an impact on human health; an increase in VAT amount is particularly linked to obesityrelated complications, such as Type 2 diabetes, CVD and dyslipidaemia, while an increase in SAT amount is linked to a low risk for those complications [17] . Notably, the amount and distribution of VAT and SAT determine different body shapes [19] . We have previously shown that BRI is a good predictor for categories of abnormality based on either one/two serum lipid indices or three/more serum lipid indices in women and that ABSI has the weakest predictive power [20] . In the present study, we further investigated the capacity of the ABSI and BRI to identify people with diabetes, and determined whether ABSI and/or BRI was superior to the traditional overall adiposity index, BMI, in Northeast China.
Methods

Study protocol
A cross-sectional study was conducted in Jilin Province in 2012. Using a multistage stratified random cluster sampling method, we enrolled 20 214 participants with Han nationality aged 18-79 years who had lived in Jilin Province for >6 months. Of these, only 15 078 participants with a complete set of data were included in the present study (Fig. 1) . We used a questionnaire, anthropometric measurements and a glucose test to assess each selected participant. The questionnaire was used to collect information on diabetes in the past year, and demographic characteristics, including sex, age, education level and occupation. The anthropometric measurements consisted of height, weight, waist circumference and hip circumference. Fasting blood glucose was measured in the morning, after at least 12 h of fasting.
Glucose test and definition of diabetes
After an overnight fast, fingertip capillary blood samples were collected from participants. Fasting blood glucose was measured using a Bai Ankang fingertip blood glucose monitor (Bayer, Leverkusen, Germany). Participants were considered to have diagnosed diabetes if they had previously been diagnosed by a registered medical practitioner. On the basis of the WHO criteria published in 1999, new cases (undiagnosed diabetes) were diagnosed in participants with fasting blood glucose ≥7.0 mmol/l, and prediabetes was diagnosed if fasting blood glucose was ≥6.1 mmol/l and < 7.0 mmol/l.
Calculation of anthropometric indices
BMI, ABSI and BRI were calculated using the following equations.
Statistical analysis
The Kolmogorov-Smirnov test was used to examine normality of continuous variables. Normally distributed data are presented as mean and SD. Abnormally distributed data are presented as median and Q1 to Q3, with Q1 being the 25th percentile and Q3 being the 75th percentile. Baseline characteristics were compared using the Kruskal-Wallis test
What's new?
• Visceral adipose tissue (VAT) is remarkably different from subcutaneous adipose tissue (SAT) with regard to physiological functions. An increase in VAT amount is particularly linked to metabolic diseases. The amount and distribution of VAT and SAT determine body shape; we found that body roundness index (BRI) was an alternative index for assessing diabetes mellitus in Han Chinese people in Northeast China.
• The distinguishing capability of BRI can be integrated into routine clinical care as a simple, convenient and cost-effective way to monitor the transition from prediabetes to diabetes.
for continuous variables and the chi-squared test for categorical variables. Spearman's rank test and partial correlation analysis (adjusting for age) were used to examine the relationship between blood glucose level and the anthropometric indices (BMI, ABSI and BRI). We calculated the prevalence of diabetes in quartiles of BMI, ABSI and BRI.
Logistic regression analysis was used to calculate odds ratios (ORs) and 95% CIs for the prevalence of diabetes using the highest vs the lowest quartile of each anthropometric index after adjusting for age. We used area under the receiveroperating characteristic curve (AUROC) and 95% CIs to assess the capacity of each anthropometric index. Based on maximum Youden index (sensitivity + specificity À 1) and the rule sensitivity > specificity, an optimum threshold value was established to distinguish individuals with prediabetes or those with diabetes. All statistical analyses were performed using IBM SPSS Statistics 24.0 (IBM Canada Ltd). P values <0.05 were taken to indicate statistical significance.
Ethics approval and consent to participate
The ethics committee of the School of Public Health, Jilin University approved the study, and all the participants provided written informed consent before data collection.
Results
Baseline characteristics
A total of 15 078 participants with Han ethnicity aged 48 (39-58) years participated in this study. Among them, 3.4% of the participants (n=508) were new cases (undiagnosed diabetes; fasting blood glucose ≥7.0 mmol/l), and 6.8% of the participants (n=1023) were found to have diabetes diagnosed previously by a registered medical practitioner. When the baseline characteristics were compared among three groups (without diabetes, prediabetes and diabetes), we found significant differences in demographic characteristics and anthropometric indices (P<0.001; Table 1 ). Those with diabetes were the oldest, followed by individuals with prediabetes and individuals without diabetes (P<0.001; Table 1 ). With regard to the anthropometric indices, those with diabetes had the highest waist circumference, BMI, ABSI and BRI values, and the individuals without diabetes had the lowest values of those anthropometric indices (P<0.001; Table 1 ). Height, weight and hip circumference, however, exhibited a different tendency: the individuals with prediabetes had the highest height, weight and hip circumference values, and the individuals without diabetes had the lowest (Table 1) .
We also explored correlations between blood glucose level and the anthropometric indices (BMI, ABSI and BRI) using Spearman's rank test and partial correlation analysis. After adjusting for age, BRI had the highest correlation coefficient for blood glucose level (r=0.153 for men, r=0.127 for women; both P<0.001), whereas ABSI had the lowest coefficient (r=0.070 for men, r=0.069 for women; both P<0.001 [ Table 2] ).
In addition, we explored correlations of ABSI and BRI with height, weight and BMI using partial correlation analysis. After adjusting for age, our results showed that ABSI was positively correlated with the indices (height: r = 0.165; weight: r =0.135; BMI: r = 0.044; all P<0.001). BRI was also correlated with the indices (height: r = -0.122; weight: r = 0.621; BMI: r = 0.840; all P<0.001).
Prevalence of diabetes
There were 1531 individuals with diabetes (accounting for 10.2% of the participants) and 1277 individuals with prediabetes (accounting for 8.5% of the participants). We investigated the prevalence of diabetes on the basis of BMI, ABSI and BRI quartiles. The prevalence of diabetes in the fourth quartile was higher than that in the first quartile for all the three anthropometric indices in both sexes (BMI: 15 
Discussion
In the present study, we compared the availability of the two new anthropometric indices (ABSI and BRI) with those of BMI in a screening population who were at risk of diabetes in Northeast China. Our results showed that all three anthropometric indices could identify diabetes independently because they all had AUROC >0.5 and ORs >1 (P<0.05). This study also identified that BMI had the weakest association with diabetes, and that ABSI had the weakest association with prediabetes among BMI, ABSI and BRI, whereas BRI showed the greatest potential for identifying individuals with prediabetes or those with diabetes. Based on a US population sample from the National Health and Nutrition Examination Survey (NHANES) 1999-2004 (Mexican, other Hispanic, white, black, or other), ABSI was developed. For a person with a given height and weight, ABSI is suitable for reflecting VAT [14] . Excess VAT correlates with lipid and carbohydrate metabolism dysfunction [11] , which is involved in the increased risk of diabetes; however, Fujita et al. [21] showed that ABSI was not a better predictor of diabetes, hypertension or dyslipidaemia than BMI or waist circumference in Japanese adults. Maessen et al. [15] found that ABSI was not a suitable index to identify either CVD or CVD risk factors in Dutch adults. By contrast, the present study indicated that ABSI had a better predictive ability than BMI in Northeast Han Chinese people in predicting diabetes, suggesting that ethnic differences might lead to different results.
The predictive ability of ABSI for diabetes is different in different areas of China. He and Chen [14] followed up 711 participants (Han and other minorities) in an urban community located in Chengdu, Sichuan province, China, over 15 years, and found that ABSI was not better than waist circumference or BMI in predicting diabetes [14] . Chang et al. [16] used a cross-sectional study to investigate 11 345 participants (Han and other minority groups) in rural areas of Liaoning province, China. Their results showed that ABSI may not be a better predictor of diabetes than waist circumference or BMI [16] . We investigated 15 078 participants with Han ethnicity in urban and rural areas in Jilin province, China, and found that ABSI had a better predictive ability than BMI for diabetes.
Krakauer and Krakauer [11] proposed that ABSI had little correlation with height, weight or BMI [11] ; however, the formula shows that ABSI correlates with height and weight substantially (equation 2). Consistent with the result indicated by equation 2, the results of the present study showed that ABSI was correlated with height, weight and BMI (r= 0.165, 0.135, and 0.044, respectively; all P<0.001).
Compared with waist circumference, hip circumference and BMI, BRI provides an accurate prediction for both percentage of body fat and total percentage of VAT [9] . Maessen et al. [15] found that the adjusted OR of BRI was higher than that of BMI in CVD prediction [15] . He and Chen [14] also showed that BRI was capable of identifying CVD and CVD risk factors [14] . Chang et al. [16] showed that the predictive power of BRI for diabetes was superior to that of BMI and the results of the present study also suggest that BRI has a superior predictive capacity for diabetes. Interestingly, the present results showed that men with BRI >2.8 and women with BRI >3.4 could be at risk of prediabetes. When symptoms of diabetes occurred in people with a BRI >3.7 for men or BRI >3.8 for women, they were at risk of new-onset diabetes. After people started to use medication, BRI decreased. The optimum threshold values of BRI for people with history of previous diagnosis of diabetes were 3.3 for men and 3.6 for women; thus, BRI reflects the progress of diabetes. Measures of BRI provide significant discerning information for prediabetes and diabetes. The distinguishing capability of BRI can be easily integrated into routine clinical care as a simple, convenient and cost-effective way to monitor the transition from prediabetes to diabetes.
The strengths of the present study include its large sample size, the highly standardized sampling method and its representativeness of the region of Northeast China.
The study also has some limitations. First, ABSI was developed to predict mortality hazard in a follow-up study, but we used ABSI to predict diabetes in a cross-sectional study. Second, we only adjusted for sex and age without consideration of physical activity and diet because of uncertainty about how to judge the degree of physical activity and diet for a participant. Third, fingertip capillary blood samples may give deviant values compared with serum glucose. Fourth, the sensitivity of BRI in determining risk of diabetes in a clinical setting remains elusive, because our results were from a cross-sectional study. Fifth, our results may not be translatable to different ethnic groups, because this investigation focused on populations with Han ethnicity in northeast China.
In summary, BMI, ABSI and BRI can be used to identify the presence of diabetes. Among the three anthropometric indices, BMI had the weakest association with diabetes. BRI is an alternative index for assessing diabetes in Han Chinese people in Northeast China. 
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